Objective: To investigate the longitudinal effects of botulinum toxin type A (Botox) injections on voice-related quality of life (V-RQOL) for patients with adductory spasmodic dysphonia.
A DDUCTORY SPASMODIC DYSphonia (AdSD) is a focal dystonia of the laryngeal adductor muscles. It accounts for 80% of all cases of spasmodic dysphonia. Abductory and mixed spasmodic dysphonias also occur, but less frequently. 1 Patients with AdSD present with a strained or pressed voice, resulting from spasms of the adductory laryngeal muscles during phonation. [2] [3] [4] [5] The disease can have dramatic emotional, functional, and social effects on patients and significantly reduce their quality of life. 1, 3, 6, 7 Several techniques have been used to treat AdSD, including voice therapy, sectioning of the recurrent laryngeal nerve, laryngeal framework surgery, partial myectomy of the thyroarytenoid muscles, and chemodenervation using intramuscular botulinum toxin type A (Botox; Allergan Inc, Irvine, Calif) injections. [2] [3] [4] [8] [9] [10] [11] [12] Although Botox is the most widely accepted therapy today, treatment of AdSD remains an off-label application of this medication in the United States. Botox treatment is not curative, and repeated injections over time are necessary for continued therapeutic benefit.
Numerous methods have been used to evaluate the physiologic effects of AdSD and treatment for the disease, including acoustic and aerodynamic measures, electromyography, endoscopy, and perceptual analyses. 4, [13] [14] [15] None of these methods quantify the effects that AdSD has on a patient's quality of life. Quality of life is a uniquely personal outcomes measure that takes into account many different feelings and circumstances in a patient's life.
In the present study, we examine voice-related quality of life (V-RQOL) out- comes for a cohort of patients with AdSD. The V-RQOL Measure is a validated instrument designed to evaluate voice disorders. It is reliable, responsive to change, and of low burden. 3, 16, 17 In a previous study, 3 it was demonstrated prospectively that Botox injections had significant therapeutic effect (as measured by improvement in V-RQOL) in patients with AdSD for at least 3 injections. However, the data suggested that the magnitude of improvement might diminish with each subsequent injection. The number of patients receiving 3 or more injections was too small to draw firm conclusions about longitudinal trends of effectiveness, and this circumstance mandated prospective data based on a longer term. The goals of the present study were (1) to study the longitudinal effects of Botox injections on V-RQOL for patients with AdSD, (2) to determine whether the effectiveness of Botox changes with repeated injections, and (3) to further expand understanding of the usefulness of the V-RQOL Measure as a voice outcomes tool.
METHODS

PATIENT POPULATION AND DATA ACQUISITION
Forty-two new patients presenting with dysphonia to the University of Michigan vocal health program during a recent 38-month period were diagnosed as having AdSD. Twenty-seven of these patients were included in a previous 18-month investigation, and 15 presented since completion of the earlier study.
Continuing longitudinal data from the original group and data from the additional patients make up the present study. One of us (N.D.H.) had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. The project was approved by the institutional review board of the University of Michigan Medical Center.
Six of the 42 patients with AdSD chose not to have any Botox treatment. Their initial V-RQOL surveys are included in the population data. Thirty-six of the 42 patients underwent at least 1 cycle of bilateral thyroarytenoid muscle Botox injections and filled out a follow-up survey during the study. Thirty of these 36 patients are still being treated with Botox injections at our institution, while 6 are no longer receiving treatment. Only 1 of these 6 patients discontinued treatment because of equivocal therapeutic effect. The remaining 5 stopped receiving injections for reasons unrelated to treatment effectiveness.
Diagnoses of AdSD were made by experienced voice clinicians based on history, vocal capabilities, and laryngeal videostroboscopy findings. Typical diagnostic features have been previously described. 3 Using electromyographic guidance, a fellowship-trained laryngologist (N.D.H.) performed the percutaneous Botox injections. After anesthetization of the skin and airway, Botox was injected via the cricothyroid membrane. The typical starting dosage was 1.0 U per vocal fold. If necessary, the dosage was adjusted in subsequent injections to reduce adverse effects or to increase the duration of benefit.
Patients filled out questionnaires, including the V-RQOL Measure (Figure 1 ) and a self-assessed overall voice rating, before each injection. Postinjection questionnaires were completed 6 to 8 weeks after each treatment. Patients were seen in the clinic 6 to 8 weeks after their first injection, and initial posttreatment surveys were completed during these visits. Any patient who still had breathy dysphonia as a Botox adverse effect was scheduled for a repeat follow-up assessment in an additional 6 weeks. Patients without significant adverse effects were instructed to call for a repeat injection when their vocal symptoms returned. Follow-up questionnaires for subsequent injections were mailed to patients and returned by selfaddressed envelope.
Self-assessed overall voice quality categorical ratings were assessed as poor, fair, good, very good, or excellent. An improvement of 1 categorical rating (eg, from poor to fair) was given a score of +1. An improvement from poor to good was given a score of +2, and so forth. Greater numerical change indicates greater degree of categorical improvement.
The data for this study are based on self-reported surveys. Measurement error in this study can arise from individual differences in patient responses, including interpretation of the V-RQOL survey questions and day-to-day variation in patient symptoms. However, the survey used for this study has been shown to be reliable and valid across a population of patients with different symptoms (including nonvoice patients) and for test-retest consistency for the same patients. 17 The Cronbach ␣ coefficient for the overall V-RQOL survey was 0.89, while the physical functioning and social and emotional subscales had coefficients of 0.80 and 0.81, respectively. The intraclass correlation coefficients for the overall and domain scores were 0.92, 0.90, and 0.87, respectively. 17 For these measures, scores above 0.80 are considered to demonstrate excellent reliability.
STATISTICAL ANALYSIS
Survey responses were recorded from the pretreatment and posttreatment surveys. Demographic data and dates of treatment were recorded from clinical records. SAS version 6.12 for NAME:
1. I have trouble speaking loudly or being heard in noisy situations.
2. I run out of air and need to take frequent breaths when talking. We are trying to learn more about how a voice problem can interfere with your day to day activities. On this paper, you will find a list of possible voice-related problems. Please answer all questions based upon what your voice has been like over the past two weeks. There are no "right" or "wrong" answers.
Considering both how severe the problem is when you get it, and how frequently it happens, please rate each item below on how "bad" it is (that is, the amount of each problem that you have). Use the following scale for rating the amount of the problem: Macintosh (SAS Institute, Cary, NC) was used to calculate all statistical tests.
Summary demographic characteristics were determined for every patient newly diagnosed as having AdSD (N=42). Scoring algorithms (Figure 2) were used to calculate V-RQOL summary scores, as well as social and emotional and physical functioning domain scores. 17 The formula used to calculate all 3 scores gives an index of V-RQOL on a scale of 0 to 100. Zero is the worst and 100 is the highest possible V-RQOL score.
Mean V-RQOL and social and emotional and physical functioning domain scores and SDs were determined for each patient with AdSD (N=42). Pretreatment and posttreatment scores and the differences between these scores were calculated for every treated patient (n=36). Statistical significance was determined using matched t tests. P values were based on 2-tailed significance tests. Self-assessed voice quality ratings and changes in rating category were also calculated for each injection.
Analyses for second (n=23), third (n=14), fourth (n=14), fifth (n=11), and sixth (n=5) treatments were performed for patients who received subsequent injections during the 38-month study. Matched t tests were used to test for significant differences in pretreatment and posttreatment scores from each injection. Improvement in V-RQOL with each treatment was compared with the first treatment and with all subsequent treatments. Multiple t tests were performed to determine any significant change in longitudinal differences among successive treatments using Dunnett 2-tailed t test.
Analysis of sequential treatments was also performed for a subset of 11 patients who received at least 5 treatments and completed follow-up surveys. Data from only these 11 patients' surveys were used in this analysis in order to look closely at the same group over time. Three of the patients did not return follow-up surveys for the third injection for reasons unknown, so those data were missing from the subset.
Last, the mean change in V-RQOL was calculated for each net difference in categorical self-assessed score. These calculations were performed to relate the change in V-RQOL score to change in overall voice rating.
RESULTS
The mean ± SD age for the entire study population was 51.5±16.0 years, and 85% of the patients were female. One hundred three treatments were given, and 99 yielded follow-up surveys. Multiple posttreatment surveys for a single injection cycle were obtained from 2 patients. One of these patients returned for repeated follow-up because of continuing adverse effects (prolonged breathiness), and another presented to the injection clinic but did not yet require additional treatment. Inclusion or exclusion of these questionnaires did not significantly alter results. They are included in the data set.
The number of injections ranged from 1 to 7 (no follow-up surveys were available for the seventh treatments; hence, results include only treatments 1 through 6). The mean time between injection and follow-up survey was 7.3±1.6 weeks. The mean time between treatments was 25.2 ± 10.7 weeks (range, 9.0-74.0 weeks).
The initial V-RQOL scores and standard deviations for the entire study population (N = 42) are given in Table 1 . The mean total V-RQOL score of 32.7±18.8 is low, and this magnitude is consistent with that determined in the initial 18-month study. 3 Preinjection and postinjection V-RQOL data for all patients who underwent at least 1 injection are shown in Table 2 . Improvements in overall and domain V-RQOL scores with the initial treatment were large. Changes in V-RQOL overall and domain scores were statistically significant, with PϽ.01. Table 3 and Table 4 show the pretreatment and posttreatment self-assessed voice ratings for all patients who received at least 1 treatment. Eighty-six percent of postinjection surveys demonstrated at least a single categorical level of improve- ment in self-assessed voice quality rating. More than 58% of postinjection surveys had a change of +2 or more categorical levels in self-assessed voice quality rating. Table 5 gives pretreatment and posttreatment overall and domain V-RQOL scores for patients who received 2 to 6 treatments. Improvement in V-RQOL scores is calculated for each treatment. Significant improvements with each successive treatment were realized (PϽ.01). Improvement between preinjection and postinjection scores was significantly less with treatment 2 than with treatment 1 (PϽ.05). However, the longitudinal improvements between preinjection and postinjection scores with treatments 3 through 6 were not significantly different from treatments 1 or 2. That is, the treatment effects of injections 3 to 6 (as represented by change in V-RQOL scores) fell between those of injections 1 and 2. Figure 3 depicts pretreatment and posttreatment V-RQOL scores for sequential treatments for a subset of 11 patients from the study population who received at least 5 treatments. The pattern of V-RQOL improvement is similar to that demonstrated by the entire population, as reported in Table 5 . Table 6 gives the patient population by pretreatment and posttreatment self-assessed voice ratings. In 97% of preinjection surveys received, patients recorded a preinjection rating of poor or fair. In 74% of postinjection surveys, patients recorded a voice rating of good to excellent. Eighty-two percent of patients noted an improvement of at least 1 category, while 15% noted no improvement (4 surveys suggested a worsening of symptoms). Table 7 relates the change in self-assessed voice rating to change in overall V-RQOL score. An improvement of 1 categorical voice rating is associated with a change in overall V-RQOL score of 29.1. Changes of +2, +3, and +4 correspond to changes in V-RQOL of 36.1, 57.6, and 72.2, respectively. Figure 4 relates the change in total and domain V-RQOL scores to change in self-assessed voice rating. The degree of change in self-assessed voice rating correlates well with the magnitude of changes in the social and emotional and physical functioning domain scores, as well as the total V-RQOL scores. 
COMMENT
The traditional clinical laryngologic examination cannot measure the quality-of-life impact of a voice disorder. Therefore, we used the V-RQOL Measure to quantify the detrimental effects of AdSD and the therapeutic effects of Botox.
It has previously been shown that untreated patients with AdSD have much lower overall and domain V-RQOL scores than normal subjects, 3 and the present study corroborates this finding. The mean overall score of 32.7 at the time of initial contact is poor, but will not come as a surprise to clinicians familiar with this frequently devastating condition.
Equally striking as the severity of this disorder are the therapeutic benefits of Botox injections. The present data unequivocally demonstrate that this treatment remains effective over the longer term. Differences in pretreatment vs posttreatment V-RQOL domain or total scores remain significant and of unchanged magnitude when followed up to 6 injection cycles. This is one of the key findings, as the initial 18-month study 3 suggested that the degree of improvement might diminish with each injection. The number of patients in the previous study 3 receiving 3 or more injections was too small to draw any firm conclusions, and continued prospective data were necessary to answer this question.
This study and the previous study 3 show that the improvement in V-RQOL from the second injection is significantly less than that from the initial treatment. This is despite the fact that the improvements with injections 3 through 6 are not significantly different from each other, nor are they different from either of the first 2 treatments. That is, these effects fell between those of the first and second ones. We believe, but cannot prove, that the most likely explanation is that patients' expectations and perceptions begin to evolve after the initial treatment. They begin to consider their vocal capabilities relative to normal voices around them, as opposed to their original dysphonic voice. Therefore, they are more likely to present for their second treatment before becoming as severely dysphonic as they were originally. This hypothesis is supported by the fact that preinjection scores were higher for the second injection than for the first. Similarly, their assessment of the posttreatment voice becomes more critical. Ultimately, we conjecture that perceptions and expectations continue to evolve and likely stabilize after several injection cycles. The true magnitude of effect of Botox injections on V-RQOL in patients with AdSD may be most accurately represented by later injections. Evolving patient expectations are a positive clinical indicator, as it shows that patients begin to think of themselves as part of the "euphonic" world. A reasonable analogy is a patient who has undergone cochlear implantation pursuing life in the hearing rather than the deaf community and gauging his or her communication capabilities accordingly.
The effectiveness of Botox is also reflected in the categorical changes in self-assessed overall voice quality ratings with each treatment. More than 80% of treatments resulted in at least 1 categorical voice rating improvement. Fifteen percent of treatments did not result in a ratings change, and 4% resulted in a negative change. The most likely explanation for a zero or negative rating change is a degree of prolonged breathy voice adverse effect at the time of the follow-up questionnaire. Other possible explanations include underdosing of Botox, less than optimal response to Botox, or poor recall of earlier voice rating, leading to spurious data.
Given that outcomes research for voice disorders is a relatively new field of study, any opportunity to better understand the outcomes instruments themselves should not be overlooked. The present study is such an opportunity, as review of these prospective data provides additional insight into the validity and clinical significance of the V-RQOL Measure. The relationship between degree of categorical voice rating change and change in 
